Novel roles for ceramides, calpains and caspases in kidney proximal tubule cell apoptosis: lessons from in vitro cadmium toxicity studies.
Apoptosis is a tightly regulated physiological process, which can be initiated by toxic stimuli, such as cadmium (Cd2+). Cd2+ (10-50 microM) induces a rapid increase in reactive oxygen species (ROS) (> or = 30 min) in a cell line derived from the S1 segment of rat kidney proximal tubule, without any apparent mitochondrial dysfunction. The sphingolipid ceramide is an important second messenger in apoptosis. Short exposure to Cd2+ (3h) causes an increase in ceramides, which occurs downstream of ROS formation, and may interact with cellular components, such as endoplasmic reticulum and mitochondria. Following apoptosis initiation, execution must take place. The classical executioners of apoptosis are caspases, a family of cysteine proteases. However, increasing studies report caspase-independent apoptosis, which questions the essentiality of caspases for apoptosis implementation. With low micromolar Cd2+ concentrations (< 10 microM), caspases are only activated after 24h and not at earlier time points, which supports the notion of caspase-independent apoptosis. Due to increased cytosolic Ca(2+) under pathological conditions, a role for the Ca2+-dependent proteases, calpains, has emerged. Calpain activation by Cd2+ (3-6h) seems to be regulated by ceramide levels, in order to induce apoptosis. Calpain and caspase substrates overlap but yield different fragments, which may explain their diverse downstream targets. Furthermore, calpains and caspases may interact with one another to enhance, as seen by Cd2+, or diminish apoptosis. In this review, we discuss novel roles for ceramides, calpains and caspases as part of Cd2+-induced apoptotic signalling pathways in the kidney proximal tubule and their in vivo relevance to Cd2+-induced nephrotoxicity.